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Throat swabs are regarded as the “gold standard” for diagnosing streptococcal pharyngitis and for surveil-
lance research. Culturing throats in remote tropical settings is logistically difficult, and these settings are
commonly burdened by high rates of streptococcal disease. The survival of streptococci on swabs may depend
on whether they are of “throat” or “skin” type, as determined by emm pattern typing. The aims of this study
were to compare the recovery rates of beta-hemolytic streptococci (BHS) using three different transport
methods and to determine whether the recovery rates correlated with the emm pattern type. Monthly duplicate
throat swabs were taken from occupants of selected households in three remote Aboriginal communities.
Paired swabs were separated and handled in one of three ways: (i) direct inoculation onto culture media with
cold-box transport (plated), (ii) sealed in a bag with a silica gel desiccant and cold-box transport (desiccant),
and (iii) transport at ambient temperature and humidity (ambient). emm pattern typing was done by standard
methods. Over 23 months, 4,842 throat swabs were taken, and 4,122 were paired. BHS were recovered on 11.5%
of the 4,842 occasions (group A, 4.5%; group C, 1.7%; group G, 5.4%). Results from paired swabs showed the
plated method was superior to desiccant and desiccant was better than ambient. Pooled data indicated that
plated and desiccant were equivalent, and both were significantly better than ambient. There was no correla-
tion between the emm pattern type and recovery of group A streptococci by different methods. In tropical and
remote settings, cold-box transport with desiccant and subsequent inoculation of culture plates in the labo-
ratory is a practical alternative to direct plating.
There are two reasons for swabbing the throat to recover
beta-hemolytic streptococci (BHS)—for diagnosis of strepto-
coccal pharyngitis as part of clinical management, and for
research purposes. Even in the best of circumstances, throat
swabs and cultures have limitations; these include variability of
sampling, lack of standardized laboratory methods, difficulties
with interpretation in an asymptomatic carrier, and a relatively
long turnaround time (12, 17, 24). Tropical and remote settings
pose particular challenges for getting throat swabs to labora-
tories; these include high temperatures and humidity, the fre-
quent need to collect specimens in the outdoors, limited local
infrastructure (including refrigeration), difficult communica-
tions, and long distances for transportation of materials and
specimens (35). Laboratory facilities are often the least acces-
sible in places where the burdens of streptococcal disease and
postinfectious sequelae are highest.
The development of rapid antigen tests for group A beta-
hemolytic streptococci (GAS) in the 1980s promised to facili-
tate rapid diagnosis. However, antigen testing may not be prac-
tical or cost-effective in many resource-poor settings with high
rates of BHS infection (22). Newer tests, including gene probe
technology and real-time PCR, are both sensitive and specific
(8), but still more costly.
The collection and transport of throat swabs in the field pose
more difficulties than collection of swabs from skin lesions.
Beta-hemolytic streptococci, mainly GAS, are usually abun-
dant in skin sores and survive the journey to the laboratory
without too much difficulty, whereas BHS survival on throat
swabs is less certain (1, 10, 32, 37). Direct inoculation of cul-
ture plates at the time of collection, or close to the time of
collection, remains the “gold standard.” However, a delay of
6 h before being plated appears not to significantly effect the
recovery of isolates; even at 24 h in a cool or temperate cli-
mate, the loss may be minimal (7, 31).
Methods used for recovery of BHS from throat swabs have
also included transport media (Amies and Stuart’s), enrich-
ment media, and impregnated filter paper systems.
Transportation of swabs in the dry state, with a silica gel
desiccant, was shown to improve recovery of BHS from throat
swabs 35 years ago (29), but this was in a temperate climate. A
subsequent study suggested the method may also be of value in
the tropics, although the numbers were small (35). It has been
proposed that, when throat swabs are dried, the reduction of
more delicate and potentially inhibitory throat flora favors the
survival and subsequent identification of BHS (31). A relatively
new innovation, the ziplock plastic bag, plus the availability of
inexpensive sachets of silica gel desiccant made transportation
of throat swabs, sealed with desiccant, a potentially simple,
affordable, and effective alternative to on-site inoculation of
culture plates in remote tropical settings.
We decided to investigate the recovery rates of BHS from
throat swabs taken in remote tropical communities, comparing
three methods: (i) direct inoculation of culture plates on site
with refrigerated transport back to the laboratory, (ii) throat
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swabs sealed in the presence of a silica gel desiccant and
transported in a cold box to the laboratory with subsequent
inoculation of culture plates, and (iii) transportation of swabs
to the laboratory at ambient temperature and humidity as
collected, that is, without desiccant or refrigeration (23, 30,
35).
Strains of GAS have been differentiated into five pattern
types, based on the emm and emm-like genes, that appear to
correlate with tissue tropism. Pattern types A to C are associ-
ated with the throat, pattern D with the skin, and pattern E
with both sites (3). Our hypothesis was that differences in
recovery rates of GAS using different methods may be partly
determined by the emm pattern type. That is, recovery rates of
“throat” strains, adapted to a moist environment, would be
better on culture plates, whereas “skin” strains, adapted to a
dry environment, would be better suited to ambient conditions.
The primary aim of this study was to compare the recovery
rates of three different methods for transporting throat swab
specimens to the laboratory. An additional aim was to establish
whether there was a correlation between the emm pattern type
and recovery of GAS strains in the laboratory using the differ-
ent methods.
MATERIALS AND METHODS
Study site and consultation. We conducted a prospective study of households
in three remote Aboriginal communities in the Top End of the Northern Ter-
ritory, Australia. The households were selected because they had at least one
resident with a history of acute rheumatic fever. This region has a mean daily
maximum temperature of 32°C (32.5°C in January and 30.1°C in July); the mean
annual rainfall is close to 1,300 cm, 85% falling in the months December to
March. The land area of the Top End is 265,000 square miles, about the same as
the state of Texas.
The study protocol was approved by the local ethics committee. Community
leaders and heads of 54 identified households were approached by study inves-
tigators, and household members were invited to take part. All households
agreed. Individual informed consent was then obtained before enrollment.
Collection and handling of throat swabs. Study households were visited by
study staff each month for 23 months. Participants were asked if they had
symptoms of pharyngitis, and the throat was examined. Swabs were taken from
the throats of all household occupants present at the time of each visit. Duplicate
throat swabs were collected by simultaneously holding two cotton-tipped swab
sticks together and sweeping the pharynx and tonsils. The swabs were placed
back in the original packaging and kept out of the heat of the sun for transpor-
tation back to the community clinic within 2 hours. The duplicate-swab method
was chosen because families did not consider repeated swabbing of the same
person at one visit to be acceptable.
At the community clinic, paired swabs were processed in one of four ways. (i)
Immediate inoculation of culture plates and refrigeration, followed by cold-box
transportation, was compared with transport at ambient temperature and hu-
midity (plated versus ambient). One swab of each pair was used to inoculate a
nonselective culture medium, Columbia horse blood agar (HBA), and a selective
medium of horse blood agar containing colistin and nalidixic acid (CNA) (Oxoid
Australia Pty Ltd., Victoria, Australia). The plates were sealed and refrigerated
for subsequent transportation in a cold box at approximately 4°C. The other swab
was left at ambient temperature and humidity in the original packaging. All
specimens were packed and transported by air back to the Menzies School of
Health Research in Darwin, usually within 24 h. (ii) Immediate inoculation of
culture plates and refrigeration was compared with cold-box transport in the
presence of desiccant (plated versus desiccant). One swab was used to inoculate
media (HBA and CNA) in the community clinic and transported as described
above. The other swab was sealed in an airtight bag (20 swabs per bag) with a
packet of silica gel desiccant and transported back to the laboratory in a cold box.
(iii) Transport with desiccant in a cold box was compared with transport at
ambient temperature and humidity (desiccant versus ambient). One swab was
stored and transported to the laboratory at ambient temperature and humidity,
and the other was sealed with desiccant and transported in the cold box. (iv)
Duplicate swabs were transported at ambient temperature and humidity (ambi-
ent versus ambient). To assess the sampling differences from uneven distribution
of BHS in the throat and on the swabs, duplicate throat swabs were taken,
separated, handled, and transported in an identical manner under ambient con-
ditions.
For logistical reasons, paired comparisons were done in sequential batches
over time; first, plated compared with ambient, then plated compared with
desiccant, then desiccant compared with ambient, and last, ambient compared
with ambient. Swabs from communities 1 and 3 were subjected to all four
comparisons over the course of the study, whereas swabs from community 2 were
only handled by the plated and ambient methods.
Laboratory methods. Upon arrival in the central laboratory, swabs transported
in the presence of desiccant or under ambient conditions were inoculated onto
HBA and CNA. All culture plates were then incubated at 37°C in 5% CO2. The
plates were examined after 24 h and again at 48 h, and colonies of BHS were
subcultured onto HBA plates for subsequent identification using a Streptococcal
Grouping Kit (Oxoid Diagnostic Reagents, England, United Kingdom). Isolates
identified as GCS or GGS (Streptococcus dysgalactiae subsp. equisimilis) and
GAS were suspended in tryptone soy broth and 15% glycerol prior to storage at
80°C. The emm pattern types of GAS isolates were determined by PCR-based
mapping according to the method of Bessen and coworkers (4).
Data analysis and comparison of methods. Recovery rates and median point
prevalence (throat carriage) were calculated for the BHS by Lancefield group
and by community. For intraprocess comparisons (e.g., plated versus ambient),
the yields of the different methods were compared using paired-swab data for
total BHS and for streptococcal Lancefield groupings A, C, and G. The relative
sensitivity of each method was calculated, including 95% confidence intervals. In
addition, for interprocess comparisons (e.g., all plated versus all ambient), total
yields were calculated for each of the methods. P values were calculated using
chi-square analysis.
RESULTS
The study was conducted from August 2003 to June 2005
(inclusive). Households in community 1 (population, approxi-
mately 2,500) were studied for the whole period. There were
difficulties with logistics, ongoing household consent, and em-
ployment of research staff in community 2 (population, 800),
and the study was transferred from community 2 to community
3 (population, 1,800) in July 2004.
Over the study period, 4,842 throat swabs were taken; 4,122
of these were paired swabs. For all the swabs, beta-hemolytic
streptococci were recovered on 558 occasions, with more than
one BHS Lancefield group isolated on 29 occasions. There
were 216 isolates of GAS, 80 isolates of GCS, and 262 isolates
of GGS, as shown in Table 1. Only nine people had sore
throats on direct questioning, and GAS was recovered on two
of those occasions, both from adults. Across all communities,
the median point prevalences (throat carriage) were 9.3% for
BHS, 4.2% for GAS, 1.5% for GCS, and 3.5% for GGS. For








Total BHS GAS GCS GGS
1 Total 3,016 387 (12.8) 134 (4.4) 75 (2.5) 178 (5.9)
15 yr 1,701a 274 (16.1) 88 (5.2) 55 (3.2) 131 (7.7)
2 Total 295 12 (4.1) 6 (2.0) 6 (2.0)
15 yr 135a 10 (7.4) 5 (3.7) 5 (3.7)
3 Total 1,531 159 (10.4) 76 (5.0) 5 (0.3) 78 (5.1)
15 yr 858a 113 (13.2) 58 (6.8) 4 (0.5) 51 (5.9)
Total Total 4,842 558 (11.5) 216 (4.5) 80 (1.7) 262 (5.4)
15 yr 2,694a 397 (14.7) 151 (5.6) 59 (2.2) 187 (6.9)
a No date of birth was available for 13 people, representing 15 swabs.
548 MCDONALD ET AL. J. CLIN. MICROBIOL.
children aged 15 years, the median point prevalences were
10.1% for BHS and 4.9% for GAS. Recovery rates for GCS
were significantly higher in community 1 than the other com-
munities, and overall recovery rates were much lower in com-
munity 2, reflecting difficulties with on-site collection and pro-
cessing. In each community, recovery rates from children aged
15 years were higher than for adults.
Comparison of transportation methods. Recovery rates of
BHS from duplicate swabs are shown in Fig. 1. On-site inoc-
ulation of culture plates, followed by cold-box transport, pro-
vided a better yield of BHS than transport in the presence of
desiccant (P  0.04) and was also superior to transport under
ambient conditions (P0.001). Transport in the presence of
desiccant was also significantly better than transport under
ambient conditions alone (P  0.009). Paired-swab results for
GAS (Fig. 2) indicated that on-site inoculation of culture
plates was superior to transport under ambient conditions (P
0.006), but the other comparison data did not achieve statisti-
cal significance. The same relationship held with isolates of
GCS and GGS (not shown).
Pooled data from all swabs are shown in Fig. 3. Comparisons
using specimen transport in the presence of desiccant were
done in the second year of the study. In May 2005, there was
an outbreak of GAS and GGS carriage and infection in com-
munities 1 and 3, although they are more than 600 kilometers
apart. This substantially skewed the BHS recovery results.
FIG. 1. Recovery of BHS using paired throat swabs: swabs inocu-
lated onto culture media in the community clinic (plated) were com-
pared with swabs transported with desiccant (desiccant) and swabs
transported under ambient conditions (ambient) (see Materials and
Methods). (Top) Number of isolates, 258 of 2,571 paired swabs. Am-
bient sensitivity, 59.3% (95% confidence interval [CI], 53.2% to
65.1%), and plated sensitivity, 76.7% (95% CI, 71.2% to 81.5%); P 
0.001. (Middle) Number of isolates, 101 of 521 paired swabs. Desiccant
sensitivity, 72.3% (95% CI, 62.5% to 80.7%), and plated sensitivity,
83.2% (95% CI, 74.4% to 89.9%); P  0.04. (Bottom) Number of
isolates, 69 of 515 paired swabs. Ambient sensitivity, 66.7% (95% CI,
54.3% to 77.6%), and desiccant sensitivity, 85.5% (95% CI, 75.0% to
92.8%); P  0.009.
FIG. 2. Recovery of GAS using paired throat swabs. (Top) Number
of GAS isolates, 101. Ambient sensitivity, 52.5% (95% confidence
interval [CI], 42.3% to 62.5%), and plated sensitivity, 71.3% (95% CI,
61.4% to 79.6%); P  0.006. (Middle) Number of GAS isolates, 29.
Desiccant sensitivity, 72.4% (95% CI, 52.8% to 87.3%), and plated
sensitivity, 79.3% (95% CI, 60.3% to 92.0%); P  0.54. (Bottom)
Number of GAS isolates, 37. Ambient sensitivity, 67.6% (95% CI,
50.2% to 83.0%), and desiccant sensitivity, 78.4% (95% CI, 61.8% to
90.2%); P  0.29.
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Thus, data from May 2005 were excluded when the pooled
recovery rates were calculated. By this method, recovery rates
from cold-box transport in the presence of desiccant were
equivalent to those from on-site inoculation of culture plates
(P  0.91); however, the differences between plated and am-
bient, and desiccant and ambient, were highly significant (P 
0.001).
Sampling variation. Sampling variations were assessed by
documenting recovery rates from 515 paired swabs transported
under ambient conditions where yields were expected to be
lower and sampling variations were expected to have a greater
impact. The overall yield of BHS from these swabs was low
(6.2%) compared to the recovery rate by the other methods,
excluding ambient (11.9%). There were 32 isolates of BHS; 23
were recovered from only one swab in each pair and 9 from
both swabs. This indicates a substantial sampling variability
from using two swabs together combined with poorer survival
rates of BHS on swabs handled under ambient conditions.
Correlation with emm pattern type. When the emm pattern
types of the first 155 GAS isolates were examined, 28 isolates
were found to have pattern types A to C (18%), 33 pattern type
D (22%), and 73 pattern type E (47%). Twenty-one isolates
(14%) could not be pattern typed using the method described.
There appeared to be slightly improved recovery rates of types
A to C with the community plating and cold-box transport
compared to transport under ambient conditions, but they
were not statistically significant (Fig. 4).
DISCUSSION
Nonsuppurative complications of beta-hemolytic streptococ-
cal infection have profound consequences; acute rheumatic
fever is the world’s leading cause of acquired heart disease in
children, and acute poststreptococcal glomerulonephritis is a
major cause of renal morbidity in some regions (6, 36). The
greatest burden of disease falls on people in developing coun-
tries and minority indigenous communities in industrialized
countries. The reported throat carriage rates of GAS vary
widely from population to population, ranging from less than
3% to greater than 25% (13, 15, 25, 27, 28). Previous reports of
carriage rates in remote Australian Aboriginal communities
have suggested that they are low, usually less than 5% (5).
Using the “gold standard,” on-site inoculation of culture
plates, the median point prevalence for throat carriage of GAS
in children 15 years old was 4.9%. This is much lower than
throat carriage rates of GAS in urban non-Aboriginal Austra-
lian children in Melbourne, where the spring, summer, and
winter carriage rates were 13.0%, 8.0%, and 16.0%, respec-
tively (11).
Culturing throat swabs in remote Aboriginal communities is
logistically difficult, as is the case in many settings around the
world with a high incidence of streptococcal disease. Recovery
of BHS from the throat depends on how well the swab is
collected (19), because GAS are not evenly distributed in the
pharynx (32). The highest counts come from the tonsils or
tonsillar fossae (20). Ideally, one swab should be swept across
the back of the pharynx, including both tonsils or tonsillar
fossae plus the posterior pharynx. The tongue and buccal mu-
cosa should be avoided (7). When duplicate swabs were used,
we found that there was significant sampling variation; this
may, in part, account for the reduced sensitivity of the “gold
standard.” Results from the duplicate swab comparisons indi-
cated that direct inoculation of culture plates close to the time
of collection (within 2 h) was superior to transportation of
specimens in a cold box in the presence of silica gel desiccant,
although the pooled data suggested that they were equivalent.
The yield from either of these methods was clearly better than
that for transportation under ambient conditions.
Keeping the process simple is an important consideration
when working under difficult circumstances. Successful trans-
portation of throat swabs in the presence of desiccant was
described in the 1960s (16, 29). Redys and coworkers found
that recovery rates at low temperatures (4°C) and low humidity
were better than at high temperatures (25°C) and high hu-
midity. Several years later, a study by Taplin and Lansdell
showed that transport of specimens in the presence of desic-
cant improved the yield of BHS in tropical settings; however,
the numbers were too small for statistical analysis (35). Trans-
FIG. 3. Pooled data (not paired) for all swabs taken showing the
recovery rates of BHS using three different transportation methods.
FIG. 4. Comparison of emm pattern types of GAS isolates recov-
ered; on-site inoculation of cultures plates (plated) and transport un-
der ambient conditions (ambient). Number of GAS isolates, 101.
There was no significant difference in the proportions of emm pattern
types between methods.
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portation of specimens sealed with a desiccant is technically
straightforward and inexpensive; ziplock plastic bags are now
readily available in most countries, and sachets of silica gel
desiccant can be regenerated by heating them for an hour in a
dry oven. Weight is also important; in many remote settings,
the cost of transporting culture plates by air is three to five
times the cost of transporting swabs sealed with desiccant.
There may also be practical difficulties in providing refriger-
ated fresh culture media in the field (35). Thus, the high yield
from on-site inoculation of cultures plates can be balanced
against the lower cost and reduced complexity of the alterna-
tive.
The roles of enrichment media and transport media are less
clear. Facklam reviewed the role of Pike’s enrichment medium
containing crystal violet and sodium azide (and several modi-
fications) before plating to increase recovery rates (14), but
controlled studies are lacking. Smith et al. found that primary
plating was 30% better than subculture from Todd-Hewitt
broth, but it was not compared to a delayed plating method
(34). Roddey et al. found that direct plating on a selective and
a nonselective medium, delayed plate inoculation (2 to 6 h),
and inoculation of Todd-Hewitt broth were equally effective
(30). An enrichment medium for throat swabs that contained
calf serum has also shown better yields of GAS than primary
plating (9).
In a review of the microbiology of upper respiratory infec-
tions, Carroll and Reimer (7) recommended the use of Stuart’s
or Amies transport medium if the expected transport delay is
greater than 24 h, although they did not quote supportive data.
Indeed, higher counts of BHS have been reported from Amies
transport medium than from dry swabs at 24 h (2), but this was
a laboratory rather than a field study. Yrios et al. (37) found
that GAS counts were maintained over 48 h in modified Stu-
art’s transport medium, whereas other workers have reported
less than acceptable recovery rates from both Stuart’s and
Amies transport media (35). A Scottish study of Amies and
Stuart’s transport media and Pike’s enrichment medium versus
direct transfer of dry swabs to the laboratory showed that they
provided no significant benefit (10). Stuart’s transport medium
has been used, apparently successfully, for more than 20 years
in Central Australia, but no formal evaluation in this setting
has been published (F. Morey, unpublished data). A serum
glucose agar transport system has also been suggested but
never widely utilized (26). Other published methods have in-
cluded transport of isolates on filter paper and the use of swab
transport medium kits (21, 34). They have no proven advan-
tage over simpler methods (18, 33). Enrichment and transport
media for recovery of GAS and other BHS are no longer
routinely recommended in the eighth edition of the Manual of
Clinical Microbiology (24).
In this study, emm pattern types of GAS strains did not
correlate with recovery rates using different methods. The hy-
pothesis that “throat” strains, types A to C, would be better
suited to moist culture media and types D and E would survive
better under dry conditions was not supported by the evidence.
As with a previous study of emm patterns of GAS isolates from
a remote Aboriginal community with a high incidence of acute
rheumatic fever, supposed “skin” strains of GAS (emm pattern
types D and E) predominated in the throat (4).
In summary, direct inoculation of throat swabs onto culture
plates remains the “gold standard” for recovering BHS in the
field. In tropical and remote settings, such as those in “out-
back” Australia, cold-box transport of specimens sealed with
desiccant and subsequent inoculation of culture plates in the
laboratory is a practical alternative. Results from this throat
carriage study may not apply to studies of acute pharyngitis,
where organism loads are likely to be higher and alternative
methods may be more acceptable. Further studies of methods
that do not require cold transport could help to make the
reliable recovery of BHS from throat swabs simpler and less
expensive in regions of the world where the burden of strep-
tococcal disease is high.
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